ABSTRACT
Human cytomegaloviruses (CMVs) are members of the betaherpesvirus subfamily of the Herpesviridae family. The virion, measuring between 150 and 200nm in diameter, has a lipid bilayer envelope, an icosahedral capsid surrounded by a proteic matrix, and a genome composed of a double stranded linear DNA. Citomegalovirus genome of approximately 240 kilobases, includes more than 200 genes, encoding at least 35 structural proteins and a still undefined number of non structural proteins 18 . The viral envelope is composed of at least eight glycoproteins; most of the neutralizing antibodies are directed against glycoprotein B (gB) and glycoprotein H (gH) 7 .
Organ and bone marrow transplant recipients may be infected with CMV by personal contact with the medical care staff, by medical procedures such as hemodialysis, blood transfusions, or by the transplanted organs 17 .
After the infection, CMV stays latent inside several cell types or, eventually, may produce disease. Reactivation of latent CMV infection may occur in periods of decreasing cellular immune response as observed in diseases such as AIDS, or under immunosuppressive therapies such as those used after solid organ and bone marrow transplantation 12 19 .
Signs and symptoms of CMV disease include fever, interstitial pneumonia, gastrointestinal manifestations, retinitis, pancytopenia, leukopenia, thrombocytopenia, atypical lymphocytosis, myalgia, splenomegaly and arthralgia 8 . CMV disease in solid organs and bone marrow transplant recipients usually occurs one to four months after transplantation 9 . CMV can also produce immunodepression that could augment opportunistic infections or episodes of graft rejection 16 . Superinfections occur when the patients become infected with a new virus genotype. A study done in Ribeirão Preto, SP, Brazil, showed that 70.6% of the kidney transplant recipients presented super-infection by CMV 1 .
Active CMV infection can be detected by virus isolation using human fibroblast cell cultures, and the virus identification can be done with specific monoclonal antibodies in immunofluorescent or immunoperoxidase tests 20 23 . During the last decade, CMV DNA detection by PCR and virus genome nucleotide sequencing have been used for diagnosis and virus strain analysis in transplant patients. Several studies using the PCR for CMV diagnosis in kidney transplant recipients have been reported in Brazil. Aquino 
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1 observed that 100% of the patients were infected with CMV before renal transplantation. Costa et al 10 , detecting CMV genome in the urine, observed that 48% of the renal transplant recipients presented CMV infection and some of these presented clinical manifestations. Caballero et al 6 , found a low incidence of clinical manifestations (8.8%) in CMV infected patients. These studies show that CMV infections are highly prevalent among Brazilian transplant recipients, and that a fraction of them present clinical manifestations related to CMV. Therefore, a proper diagnosis of CMV disease is important for an appropriate management of transplant recipients.
This work aimed to evaluate the usefulness of a qualitative PCR and a simple and low cost semi-quantitative PCR for CMV diagnosis in kidney and bone marrow transplant patients.
MATERIAL AND METHODS
Patients. Thirty-three bone marrow transplant (BMT) recipients attended at the Bone Marrow Transplant Unit of the General Hospital of the Medical School of Ribeirão Preto, University of São Paulo, between 1999 and 2000, participated in the study. These were 18 males and 15 females, aged between 3 and 40 years. Blood samples of the BMT patients presenting more than 1000 leukocytes/mm 3 were collected twice a month, for 4 months after the transplantation. A total of 144 blood samples were collected from BMT group patients. Some BMT patients died immediately after transplantation and it was not possible to collect more than one sample.
Thirty-five renal transplant patients (RT) managed in the Renal Transplant Unit of the General Hospital of the Medical School of Ribeirão Preto, University of São Paulo, between 1996 and 1997, participated in the study. These were 22 males and 13 females, aged between 21 and 73 years old. Blood samples from RT group patients were collected before transplantation and twice a month during 4 months after transplantation. A total of 265 blood samples were obtained from RT patients. Some RT patients died immediately after transplantation and it was not possible to collect more than one or two samples.
Personal and clinical data were collected from the transplant patient files. Fever associated to pneumonia was considered a clinical manifestation potentially associated to CMV infection. However, though present in the BMT group of patients, diagnosis could not be confirmed by the detection of CMV antigens in blood leukocytes 11 . For the RT group, fever associated to hepatosplenomegaly or pneumonia was observed in some participants. These clinical manifestations were also considered as potentially associated to CMV infection despite absence of confirmation by CMV antigens detection in blood 11 . Graft rejection in the RT patients was also analyzed regarding results of qualitative and semi-quantitative PCRs for CMV.
Detection of CMV antigens in blood leukocytes from BMT patients was carried out in the laboratory of Dr. Claudio Pannuti at the Institute for Tropical Medicine of the University of São Paulo, in São Paulo. Detection of CMV antigens in blood leukocytes was not done in the RT patients because samples were originally collected just for a CMV genotyping study and only three years later were selected for the present study.
This research project was approved by the Ethic Board of the General Hospital of the Medical School of Ribeirão Preto, University of São Paulo (Process 826/99).
CMV DNA purification. Five ml of blood was collected in tubes containing EDTA as anticoagulant. Peripheral blood leukocytes (PBL) were separated by centrifugation in a dextran solution (Sigma, Germany). The pellet containing the PBLs was suspended in 200µl of PBS and the DNA was extracted using the QIAamp DNA Blood Kit (Qiagen, Germany), following the manufacturer's recommendation. CMV DNA was also obtained from the supernatant of fibroblast cell cultures infected with CMV AD169 strain using the QIAamp DNA Blood Kit (Qiagen, Germany).
Qualitative PCR and nested-PCR for CMV. The reaction mixture of the qualitative PCR contained, in a total volume of 50µl, 75mM of Tris-HCl (pH 9), 2mM of MgCl 2 , 50mM of KCl, 20mM of (NH 4 )2SO 4 , 50µM of each one of the deoxynucleoside triphosphates, 0.3µM of primers gB1 and gB2 (as shown in Table 1 o C. Two microliters of this reaction were used in a nested-PCR containing the same components as mentioned above, except for the internal primers gBn1 and gBn2 (as shown in Table 1) 2 . The reaction mixture was first incubated at 94 o C for 3 min, the temperature was then reduced to 80 o C, and 1U of Taq DNA polymerase was added. The PCR mixture was subjected to 30 cycles of 60 sec at 94 o C, 60 sec at 55 o C, and 60 sec at 72 o C, and finally to 3 min at 72 o C. PCR and nested-PCR products were subjected to electrophoresis in 2% agarose gel and the amplicon bands were visualized by UV after ethidium bromide staining.
Each PCR assay included a positive control with CMV AD169 DNA and a negative control containing distilled water. PCR for β-globin gene detection was performed in order to confirm the integrity of the DNA extracts.
Cloning a fragment of the gB gene of CMV into a pCR2.1 plasmid. The amplicon of 296 bp obtained from the CMV AD169 DNA in the PCR using the primers gB1 and gB2 was fused into the plasmid vector pCR2.1 (Invitrogen, USA). The plasmids were amplified in bacteria (Escherichia coli) and purified with the Plasmid Mini Kit (Qiagen, Germany). The plasmids were sequenced with the Thermo Sequenase CY5.5 terminator kit (Amersham, England), using the M13/Forward-Reverse primers. The sequencing reaction was resolved in an automated sequencer (Seq 4 x 4, Pharmacia, USA). The obtained sequence was compared with that of the CMV AD169 strain (Genbank, seqüence M60931) using the DNAsis software (Hitachi, Japan).
Plasmid quantification. The molecular weight of the plasmid containing the insert of 296 bp was calculated considering as 660 the average molecular weight of a base pair and was found to be 1400190. Therefore, 1400190g of the plasmid contain 6.02 x 10 23 plasmid molecules (Avogrado's number). Thus, the number of plasmid particles in our stock solution was determined based on the plasmid DNA concentration obtained by spectrophotometry at 260nm. Aliquots of the quantified plasmid were stored at -20 o C until use for the CMV semi-quantitative PCR tests.
Sensitivity of the CMV semi-quantitative PCR. The sensitivity of the CMV semi-quantitative PCR using primers gB1 and gB2 was determined by testing, in quadruplicate, decimal dilutions of the cloned plasmid solution. Specific amplicons with 296 bp were detected until the 10 -8 -fold dilution, which corresponds to 867 plasmids, as shown in Figure 1 .
CMV semi-quantitative PCR. CMV load was determined in all clinical samples with a positive result in the qualitative PCR. The protocol used in the semi-quantitative PCR was the same as that used in the qualitative PCR, except for the addition of 2.5U of Taq DNA polymerase and 1µg of the clinical sample DNA. For the semi-quantitative PCR, samples containing 80000, 8000, 800 and 80 plasmid particles were tested simultaneously with the clinical samples. The PCR products were subjected to electrophoresis in 2% agarose gel and the amplicons were visualized by UV light and photographed with the Science 1D digital came (Kodak, USA). The amplicon band densities were determined using the DC120 Digital Access software (Kodak, USA).
The CMV load of the clinical samples was determined by plotting the amplicon band density value of each sample into a graphic including samples containing 80000, 8000, 800 and 80 plasmid particles, as shown in Figure 2 . 3 26 F Hodgkin's disease autologous 10-07-00 +57 < 867 neg fever recovery Antig = CMV antigen detection in blood leukocytes, NHL = Non Hodgkin's lymphoma BLA = biphenotypic acute leukemia, AML = acute myeloid leukemia, CML = chronic myeloid leukemia, SAA = severe aplastic anemia, PN = pneumonia, M = male, F = female, Neg = negative test. data of the BMT and RT patients was observed. However, BMT patients having CMV loads higher than 10000 CMV particles/µg DNA showed 100% specificity and 100% positive predictive value regarding fever and pneumonia, as well as 70.8% sensitivity. The negative predictive value was low, 22.2%. Corroborating this association, BMT patients having the highest CMV loads (63095 and 72443 particles/µg DNA) presented fever and pneumonia. Association between CMV load and fever was not observed in RT patients, including those with more than 10000 CMV particles/µg DNA. Likewise, association of graft rejection with CMV genome detection was not observed in the RT group.
DISCUSSION
PCR has been commonly used for diagnosis of CMV infections showing a higher sensitivity when compared to virus isolation in tissue culture and to antigenemia detection. CMV is also detected earlier by PCR than by other techniques 26 . Other advantages of the PCR include simplicity, requires small quantities of clinical samples, and the use of stored samples.
The qualitative PCR for CMV genome detection followed by confirmatory nested-PCR with gB primers has been used in our laboratory for processing urine, blood, saliva, milk and other secretion samples, showing high sensitivity and specificity. These sensitivity and specificity rates are higher than those reported for CMV serologic tests 25 . The CMV genome detection by qualitative PCR followed by confirmatory nested-PCR with gB primers, processing urine and blood samples of kidney transplant patients, was able to detect 94.3% of active CMV infections during a 3 to 10-month follow-up period 2 . In the present study, CMV qualitative and semi-quantitative PCRs were performed using DNA extracts from PBL. These cells were selected because during CMV infection, blood leukocytes participate in virus spreading into different organs and these cells are known as preferential sites for viral replication specially in immunocompromised hosts and latency 22 . A proportion of 27.3% of the BMT patients had CMV genome detected by qualitative PCR. This result is similar to that reported by Woo et al 24 , who detected CMV by PCR in 34.1% of bone marrow transplant patients. The positivity rate of CMV qualitative PCR was higher than that of antigenemia. Only one of the BMT patients having CMV genome detected by qualitative PCR had CMV pp65 detected in PBLs. This low positive rate of CMV antigenemia suggests that only a small number of the BMT patients had active CMV infection or disease. Our results, as reported by other authors, show that genome detection by PCR is more sensitive than antigen detection in PBLs for CMV diagnosis 3 . Considering that some patients having fever, pneumonia, and virus genome detected by PCR were negative for antigen detection in PBLs, highly suggestive evidences of CMV disease, this low sensitivity antigenemia should not be considered a suitable method for diagnosis of CMV active infection or disease. Likewise it should not be considered a suitable method for use as the gold standard in the present study.
Among RT patients, 37.1% had CMV genome detected by qualitative PCR. Likewise, 23% of these patients presented fever, a clinical manifestation that could be associated to CMV disease. A higher positive rate of CMV genome detection (63.1%) was reported by Mas et al 15 , studying PBLs of 65 renal transplant patients, although only 19.5% of the studied patients had symptoms suggestive of CMV disease. Costa et al 10 , studying urine of 37 kidney transplant patients by PCR, observed CMV genome detection in 64.9% of the patients, 43.2% of these with symptoms suggestive of CMV disease. However, only three patients were confirmed as having CMV disease based on the presence of virus in bronchoalveolar secretions or by lung histopathology. In the study by Costa et al 10 , most of these reported symptoms were probably caused by other etiologic agents.
The detection of CMV genome in about 1/3 of both BMT and RT patients, shows that the qualitative PCR test with gB primers is a suitable technique for screening CMV infections in transplanted patients. However, CMV qualitative PCRs were not suitable to discriminate latent or active CMV infections. Other studies of immunocompromised patients show a positive correlation between CMV load and active infection or disease 3 . Some of these studies have demonstrated an association between high CMV viremias and clinical manifestations or increased risk of CMV disease 4 . In the last five years, several CMV semi-quantitative and quantitative diagnostic techniques were reported 3 . However, in spite of their high sensitivity, these techniques are expensive, which impedes its routine use in third world countries, such as Brazil. In the present work, we evaluated the usefulness of a low cost and easily handled CMV semi-quantitative PCR technique for CMV diagnosis of active infections and disease. This CMV semi-quantitative PCR technique uses gB CMV cloned plasmids obtained in our laboratory as positive controls.
The absence of a suitable gold standard technique for comparison with PCR for the diagnosis of CMV active infection and CMV disease is a limitation of the present study 3 . Likewise, despite of many reported CMV quantitative PCR techniques, the comparison of these techniques with ours is difficult because they were used for processing different kinds of clinical samples such as plasma, whole blood, or urine 13 14 . Furthermore, some authors who used leukocyte samples for quantification of CMV also showed unsuitable results for comparison due to very different sensitivities. Toyoda et al 21 described a highly sensitive technique, able to detect five virus particles/µg DNA. Caballero et al 5 , described a CMV semi-quantitative PCR having a similar sensitivity to that of the present work, 800 virus particles/µg DNA. We suppose that the sensitivity of our CMV semi-quantitative PCR technique, 867 virus particles/µg DNA, is suitable for the diagnosis of CMV active infection and disease based on the need of viral replication and high viral loads for the expression of these manifestations 3 . Viral loads of 2118 to 72443 virus particles/µg DNA were detected in the BMT patients by using the CMV semi-quantitative PCR. These patients corresponded to 44.4% of those having CMV genome detected by the qualitative PCR. The BMT patients presenting the highest CMV loads (63095 and 72443 virus particles/µg DNA) also presented fever and pneumonia. An association with presence of fever and pneumonia, despite not being confirmed as CMV disease, was investigated in two BMT patients with a CMV load higher than 10000 particles/µg DNA, showing 100% specificity and 100% positive predictive value.
All the samples of RT that had CMV detected by the qualitative test, were subjected to CMV semi-quantitative PCR. CMV loads above 867 particles/µg DNA were observed in 61.5% of the samples. CMV loads between 1246 and 58613 virus particles/µg DNA were observed. No association between CMV loads, including specifically those higher than 10000 particles/µg DNA, with presence of fever was observed among the RT patients. Our results are in agreement with those reported by other authors. Toyoda et al 21 , studying 25 kidney transplanted and 95 heart transplanted patients during three years, showed that patients having 500 CMV particles/µg DNA did not present symptoms suggestive of CMV disease while other patients with 50 to 100 CMV particles/µg DNA presented these clinical symptoms.
Graft rejection crisis in the RT patients was not associated with CMV loads. Nevertheless, kidney graft rejection crisis could be explained by many other causes not associated with CMV infections.
In short, qualitative PCR followed by confirmatory nested-PCR with gB primers allowed the screening of CMV infections in BMT and RT patients. The CMV genome was detected in an expressive amount of patients. However, qualitative PCR was not able either to diagnose or to discriminate CMV active infection from disease. Our semi-quantitative PCR was able to detect CMV loads above 867 particles/µg DNA in 4 BMT and 9 RT patients suggesting that these were cases of active infection; this is a necessary condition for CMV disease. One hundred percent specificity and 100% positive predictive value for fever and pneumonia was observed among BMT patients having high CMV loads (more than 10000 viral particles/µg DNA). High CMV loads were also observed in five RT patients but a significant association of high CMV load with the presence of clinical manifestations suggestive of CMV disease among them was not observed. We suppose that only a small number of the transplant recipients that participated in the present study had CMV disease. However, it is possible that CMV was the etiological agent of the clinical manifestations in the two BMT patients having high CMV load. We conclude that the studied population did not allow a definitive opinion on the usefulness of our CMV semi-quantitative PCR for the diagnosis of CMV disease in BMT and in RT patients. Further studies are necessary in order to confirm the usefulness of this CMV semi-quantitative PCR in transplanted patients.
